Recent focus on national standards within Australian hospitals has prompted a focus on the training of our staff in advanced life support (ALS). Research in critical care nursing has questioned the traditional annual certification of ALS competence as the best method of delivering this training. Simulation and team-based training may provide better ALS education to intensive care unit (ICU) staff. Our new inter-professional team-based advanced life support program involved ICU staff in a large private metropolitan ICU. A prospective observational study using three standardised questionnaires and two multiple choice questionnaire assessments was conducted. Ninety-nine staff demonstrated a 17.8% (95% confidence interval 4.2-31, P=0.01) increase in overall ICU nursing attendance at training sessions. Questionnaire response rates were 93 (94%), 99 (100%) and 60 (61%) respectively; 51 (52%) staff returned all three. Criteria were assessed by scores from 0 to 10. Nurses reported improved satisfaction with the education program (9.4 to 7.1, P <0.001), as well as improvement in role understanding (8.7 and 9.1 versus 7.9 and 8.2, P <0.001) and confidence (8.4 and 8.8 versus 7.4 and 7.8, P <0.001) during ALS provision (outside ICU and inside ICU) following the course when compared to before the program. Doctors' only statistically significant improvement was in their confidence in ALS provision outside ICU (8.7 versus 8.1, P=0.04). The new program cost approximately an extra $16,500 in nursing salaries. We concluded that team-based, inter-professional ALS training produced statistically significant improvements in nursing attendance, satisfaction with ALS education, confidence and role understanding compared to traditional ALS training.
Introduction
Our hospital is a 508-bed metropolitan private hospital. The 12-bed adult intensive care unit (ICU) admits approximately 1,400 patients per year, which includes about 500 cardiac surgical patients. A doctor and nurse from the ICU attend all Medical Emergency Team (MET) (deteriorating patient) and Code Blue (cardiac or respiratory arrest) calls in the hospital.
Before our course, ICU nurses underwent annual advanced life support (ALS) competency testing either individually or in pairs, using low-fidelity simulation (Little Anne®, Laerdal Australia). This was performed during a rostered shift in the workplace and assessed by a critical care nurse trained as an ALS assessor. The assessments spanned most of the year, owing to the number of staff requiring assessment, the unpredictability of being able to leave the bedside, and the reluctance of nurses to do them. The impact of the training on confidence and competence was not known. There was no hospital requirement for medical staff to undergo ongoing ALS certification before our course.
The Australian National Safety and Quality Health Service Standards require hospitals to meet ten specific standards 1 . Standard 9 (Recognising and Responding to Clinical Deterioration in Acute Health Care) prompted examination of methods to improve nurses' and doctors' performance in the care of the deteriorating patient and the provision of basic life support (BLS). For intensive care units (ICUs), this implies the provision of ALS.
Research in critical care nursing has demonstrated that annual certification of ALS knowledge and skills is an inadequate means of maintaining ALS competence [2] [3] [4] [5] , with competence declining significantly over time 6, 7 . Traditional ALS training and assessment has no content regarding teamwork skills, such as communication and role assignment, which are crucial for effective management of a deteriorating or arrested patient [8] [9] [10] [11] [12] . Such training can improve performance and contribute to better clinical outcomes [13] [14] .
Crisis resource management (CRM) provides a framework for effective teamwork that originated in the aviation industry and has been used for decades in teaching anaesthetic staff to manage a variety of clinical crises [15] [16] . After being adapted to anaesthetics 17 , CRM quickly developed a much broader audience within healthcare 18 . Inter-professional learning for healthcare teams has also been shown to have some positive effect on clinical performance 17 .
Team training using simulation draws on these principles and has recently been shown to improve nursing role understanding and confidence in performance in ward resuscitation teams 18 . Other research demonstrates improved performance through simulation training of existing small clinical care teams 19 . Simulation has also demonstrated improvement in teamwork of ICU staff 20 . Furthermore, recent literature has shown a positive impact of resuscitation education based on simulation and team training for paediatric hospital staff 21 .
We hoped we could show our new inter-professional teambased simulation ALS training package would improve our critical care staff performance, understanding and satisfaction with ALS training.
Materials and methods
We evaluated an ALS training program that was introduced for all ICU nursing and medical staff based on Australian Resuscitation Council Guidelines 22 and CRM principles. All permanent ICU nurses were expected to attend. Other ICU and coronary care unit nurses who attend hospital MET and Code Blue calls were also invited. Nurses selected the session they would attend and were paid for four hours of study leave. Salaried intensive care specialists and registrars were allocated times to attend within the education program; visiting intensive care specialists and anaesthetists were invited.
The program was conducted ten times, with each course including between eight and ten nurses, and one to three doctors; attempts were made to replicate the usual mix of clinical staff who would attend a MET/Code Blue call.
The program had two components: 1. Pre-course learning (course manual) and an (open-book) multiple-choice questionnaire (MCQ). The same multiple choice questionnaire was administered prior to, and six weeks after, the workshop. This was done to assess knowledge retention.
A four-hour workshop that included revision of ALS
material and CRM principles through lectures and group discussion, followed by participation in simulated ALS scenarios (Resusci Anne ® Simulator, Laerdal Australia. Product Number 150-00001) and debriefing. Individual supervised practice in cardiac compression, bag-mask ventilation and defibrillation was then conducted. Participants were also asked to complete three standardised questionnaires, identified by their employee number. A response implied consent. Responses were sent to the ICU research coordinator who had no involvement in the development or delivery of the program. She then allocated a unique study number for each participant.
Questionnaire one was completed prior to the workshop and asked participants to rate their previous ALS program, questionnaire two was completed at the end of the workshop and questionnaire three at four months after workshop attendance; the latter two asked participants to rate the new program.
This prospective observational study compared the previous ALS assessment with the new program for the following: Calculations of resources used are based on staff time and do not include the cost of simulation equipment. Time as well as an approximate dollar value is reported, to allow for differing pay rates. Resource use for the previous ALS program was obtained from existing records.
Ethics approval for this study was obtained from the Cabrini Human Research Ethics Committee (Approval No. 13-12-05-14).
Statistical methods
All data was analysed using Stata (version 12.1 Statacorp, College Station, TX, USA). Normally distributed data are presented as mean and standard deviation (SD). Changes in questionnaire scores and MCQ results were assessed using paired t-tests and are reported as mean differences with 95% confidence interval (CI). Differences in proportions were analysed using Fisher's exact test. No adjustments in P-values have been made for multiple comparisons.
Results
Ninety-nine staff attended ten workshops. Overall response rates for the three questionnaires were 93 (94%), 99 (100%) and 60 (61%) respectively; 51 (52%) staff returned all three. Not all responses could be used: seven had no employee number and four had a single response so could not be used in comparisons. Demographic data was incomplete in a further eight. Response rates for the MCQs were 97% and 78%.
Participant demographics
Eighty nurses attended, with a mean age of 44.2 years (SD 9.3), and 15.2 years (SD 8.0) experience in critical care. There were 19 doctors with a mean age of 40.2 years (SD 6.8) who had worked in critical care for a mean of 10 years (SD 7.9). Eighty-seven percent of nurses had a qualification in intensive/critical care and 11 of the doctors had completed at least one Australasian specialty fellowship.
Baseline attendance rates were only available for ICU nurses. Overall ICU nursing attendance increased from 54% to 71% with the new program, an absolute increase of 17.8% (P=0.01). Permanent ICU nursing staff had an absolute increase in attendance of 28% (P <0.001). All attendance details for staff are shown in Table 1 .
Nurses gave higher scores for all criteria when assessing the new ALS training program compared to the previous program (see Table 2 ), and these were mostly sustained at four months (see Table 3 ). This did not translate into any significant improvement in perceptions of team performance during a MET/Code Blue call. Due to the low response rate for the questionnaire at four months, less than 50% of participants were able to be analysed for any question and the response rate for perceptions of team performance was only 33%.
For doctors the small number of participants and the low response rate to questionnaire three limits any meaningful statistical analysis, particularly given the multiple comparisons. The comparative differences and unadjusted P-values are shown in Tables 4 and 5 . Overall there was a trend to small improvements, particularly immediately postworkshop, from uniformly high baseline scores.
Free text comments from both professions were very positive, and indicated staff enjoyed the workshop. The most common themes were the benefits of the inter-professional approach, and the realistic nature of the simulations.
No significant change was seen in MCQ scores at six weeks compared to baseline (see Table 6 ).
Resources
Although 52 nurses undertook the ALS assessment in 2013 
Discussion
This study demonstrated positive effects of a new interprofessional team-based ALS training program on ICU nursing staff attendance at training sessions and satisfaction, as well as confidence in ALS provision. The most notable result was a 17.8% improvement in overall ICU nurse attendance, with 98% of permanent nursing staff attending the new program. Was this improvement due to mandated attendance or a more popular program? These other positive findings were sustained at four months. This was achieved through an increase in the cost of the training. Knowledge acquisition and retention assessed through serial MCQs was adequate.
From a nurse manager's perspective, the high satisfaction scores and improved attendance allow for easier compliance with compulsory ALS training. Interestingly satisfaction with the previous program was also quite high in contrast to anecdotal reports.
The improvements in role understanding and confidence may be a result of the inter-professional element of the program, whereby staff participated in the ALS simulation in the same role they would normally have in the workplace. It was somewhat disappointing that perceptions of teamwork did not also improve, however only a small number of staff were involved in MET/Code Blue events and response rates were very low for this question. This result may also be a reflection of the ad hoc nature of team composition in the majority of MET/Code Blue events that occur outside ICU, including the presence of non-ALS trained ward staff. This compares to ICU where all members of the ALS provider team would have undergone the new program.
Our results may not be necessarily generalisable to other ICU staffing models. There is no reliable data on the age or experience of nurses working in Australian critical care units, however the average age of the nurses in our group was consistent with general Australian norms 23 . Notably however, 87.5% of nurses had a qualification in critical care, compared to the Australian and New Zealand average of 53.9% 24 . There is no relevant data regarding Australian ICU medical staffing models. The small number of doctors limited any meaningful statistical analysis and most results did not reach statistical significance. A much larger sample would be required to exclude a false negative result.
As expected, the new program cost more than traditional ALS training. Fortunately, salaried specialists are able to use allocated non-clinical time on course design, provision and attendance. Medical trainees can attend in dedicated education time. We were also fortunate in having access to modern high-fidelity simulation equipment. However, we doubt the success of the program would be substantially compromised if only lower fidelity equipment was used, provided the team-based elements were maintained. Also worthy of discussion is the future of inter-professional learning in intensive care. Inter-professional learning (two or more professions learning together) is widely debated within Australian universities involved in undergraduate healthcare education 25, 26 . The World Health Organization has been vocal recently in its belief that "inter-professional education enables effective collaborative practice which in turn optimises health services, strengthens health systems and improves health outcomes" 27 . To date, research into inter-professional learning has failed to consistently focus on strong clinical outcomes 19, 26 . For this reason, it has caused divided opinion 26 . However, Zimmerman et al (2015) recently published and evaluated an inter-professional, simulated resuscitation and team training program. Although at a paediatric centre, they also demonstrated a high level of staff acceptance of the new education program. Their staff also perceived the training to be highly effective 21 . It may be that inter-professional training of teams is well suited to critical care environments and resuscitation provision.
We decided to take mandatory ALS training and incorporate inter-professional learning. We have established some benefits of inter-professional ALS training for ICU teams and are contemplating adopting this inter-professional model for other educational content. However, we did not look at any clinical outcomes. It is exciting to consider what other positive effects more widespread inter-professional learning can have in modern intensive care units, particularly education targeted at senior practitioners. The challenge to all of us remains demonstrating any effect on clinical performance and patient-centred outcomes that may come from this style of education.
Conclusion
Team-based, inter-professional ALS training produced statistically significant improvements in nursing attendance, satisfaction with ALS education, confidence and role understanding compared to traditional ALS training.
Appendix 1-MCQ (Presented as supplied)
For each of the following multiple-choice or True/False questions select the most appropriate answer. 
